Effects of two microbial feed supplements on microbial activities in rumen-stimulating cultures and the m e n s of steers fed a fescue hay-based roughage diet were evaluated. The yeast culture supplement contained Saccharomyces cerevisiue (1.4 to 4.2 x lo9 colonyforming units [cfu]/g), whereas the mixed microbial supplement contained yeast, lactobacilli and enterococci (1.4 to 2.7 x 109 cfu/g, 1.2 to 2.3 x lo9 cfu/g, and 1.5 to 2.6 x 1Olo cfu/g, respectively). Concentrations of viable yeast cells were increased consistently in continuous cultures and rumens of steers receiving either supplement (1 glkg of feed).
associated with their abilities to alter rumen function. Yeast cultures may alter the patterns of VFA formation (Teh et al., 1987; Wiedmeier et al., 1987 ; M a r t i n et al., 1989) , alter ruminal pH (Harrison et al., 1988) , increase the concentrations of anaerobic and cellulolytic bacteria Harrison et al., 1988) and alter digestion (Gomez-Alarcon et al., 1987; Wiedmeier et al., 1987) . However, the compositions of the microbial products and diets used in many of these studies were quite variable. As a result, response of ruminal parameters and animal performance was quite variable.
This study evaluated the effects of two feed supplements containing defined levels of live yeast and bacteria on the concentrations and activities of ruminal bacteria maintained in continuous culture and in steers fed a haybased ration.
Materlals and Methods
Microbial Supplements. Two microbial feed supplements were used in these studies. The yeast culture supplement3 contained 2.04 x 109 live yeast (Saccharomyces cerevisiae) cells per gram. The mixed microbial supplement4 contained yeast (S. cerevisiae, 8.13 x lo8 colonyforming units [cfu]/g), lactobacilli (Lactobacillus acidophilus, 1.31 x lo8 cfu/g) and enterococci (Enterococcus faecium, 7.5 x 1 6 cfu/g). In each supplement, live microbial cells were lyophilized and combined with lyophilized components of spent media from yeast cultures that were originally prepared from ground yellow corn, diastatic malt and cane molasses. The killed yeast supplement was prepared by heating the live yeast culture supplement in an autoclave (121'C at 6.8 kg pressure) for 15 min. No viable yeast cells were detected when material from the autoclaved material was plated on nonselective media Rumen-Simulating Continuous Cultures. The in vitro effects of the microbial supplements were determined in six 1-liter rumenstimulating continuous culture systems similar to those described by Slyter et al. (1964) . Paddles on the mixing shaft were adjusted to allow for the formation of a 3-cm to 5 c m mat of ingesta on the top of each culture. Flow through the cultures (dilution rate = .OW h) was maintained by continuous infusion of an artificial saliva solution (McDougall, 1948) . Cultures received 10 g every 12 h of a highroughage mixture containing ground fescue hay (77.5% on an as-fed basis), soybean meal (8.5%), cracked corn (7.9%), molasses (5.0%), limestone (.55%), trace mineral mix (SO%) and a vitamin premix (.55 glkg). Cultures were inoculated with 1 liter of muslin-strained rumen fluid from a steer fed the same roughage diet. After an initial 24-h adaptation period, the cultures were assigned to one of three treatment groups. During the treatment periods, preweighed aliquots of the supplements were added to rumen-simulating cultures twice a day with feed (10 mg/lO g feeding). Samples were collected while thor-%A-SACC, supplied by Alltech, hc., Nicholasville, %ACTO-SACC, supplied by Alltech, Inc.
KY.
oughly mixing the contents of each culture and before the addition of fresh feed each morning. Treatment periods were from 3 to 7 d in length. Samples for evaluation of pH, VFA and ammonia concentrations were taken daily during the treatment perid, samples for enumeration of microorganisms were taken on two consecutive days during the treatment In Vivo Feeding Trials. Twelve Jersey steers fitted with ruminal cannulas were adapted to a diet similar to the one used in the continuous culture studies for a 2-wk pretreatment periN subsequently, they were assigned randomly to three treatment groups. Animals were surgically modified by a certified large animal veterinarian and the project was conducted under a research protocol approved by the University of Kentucky Institutional Animal Care and Use Committee. During the 1O-d treatment period, steers in one group received an unsupplemented diet (9 kg/d) and those in the remaining groups received the same diet with either the mixed microbial supplement (1 g/kg of feed) or the yeast culture supplement (1 g/kg of feed). The steers were fed in individual pens throughout the study. Ruminal fluid (250 ml/sample) was collected via cannulas with a 60-ml catheter syringe and a Tygon tube (inside diameter, 5 mm; length, 1 m) attached to a stainless steel suction strainer (1.2-mm diameter holes) just prior to the morning feeding. Samples were collected on d 1, 5 and 10 of the treatment period as described by Dawson and Boling (1983) .
Microbiological Technkpes and Chemical Analysis. Media for enumeration of anaerobic and cellulolytic bacteria were p r e p a d under a CO, gas phase using a mcdification of the Hungate technique (Bryant, 1972) . Anaerobic bacteria were enumerated on five replicate roll tubes containing medium 98-5 (Bryant and Robinson, 1961) modified to contain glucose, cellobiose, xylose, glycerol, maltose and soluble starch (.5 g of each per liter). Cysteine-HC1 (.05%) was used as a reducing agent in this medium. Cellulolytic bacteria were enumerated using a five-tube, most probable numbers procedure in media containing .2% ball-mill ground cellulose (Bryant et al., 1958 The pH was determined on ruminal fluid samples immediately after collection. These samples were stored at -7'C prior to analyses for VFA and ammonia. Undiluted subsamples were thawed and subjected to VFA analysis on a Hewlett-Packard model 5880 gas clue matograph7 using a modification of the methods described by Erwin et al. (1%1) that used cyclohexanone as an internal standard. The cyclohexanone was added to each acidified sample just prior to injection. The isoacid concentrations represent the combined total of isobutyrate, isovalerate and valerate concentrations. Ammonia concentrations were determined using the automated methods described by Imler et al. (1972) .
Statistical Tests. Data were analyzed as a split plot over time using the General Linear Model procedure of SAS (1985) . Effects included in the model were treatment, culture or animal within treatment, time and time x treatment. Treatment differences were tested using animal or culture within treatment mean square as the denominator in the F-test. In general, sampling time had few significant effects on VFA and ammonia concentrations during the treatment period. When treatment differences were indicated, orthogonal contrasts were used to compare treatment effects. Microbial counts were converted to log (base 10) transformations before analysis.
Results

Supplements in Rumen-Simulating Cultures.
The effects of the live yeast culture supplement and mixed microbial supplement on VFA and specific bacteria in rumen simulating cultures are shown in Table 1 . Preliminary studies indicated that treatment effects on the microbial populations were observed only after respectively. These concentrations of yeast cells are approximately equal to those that might be expected by dilution in the culture fluid if one assumes no increase in cell numbers due to growth. The concentrations of lactobacilli were greater (P e .05) in cultures receiving the mixed microbial supplement than those in cultures receiving the unsupplemented diet. The concentrations of cellulolytic bacteria were greater (P < .05) in cultures receiving the yeast supplement than in cultures receiving either the mixed microbial supplement or the unsupplemented diet.
The VFA and ammonia concentrations in continuous cultures were unaffected by supplementation. The relative concentrations of butyric acid tended to be lower (P = .15) in cultures receiving the mixed microbial supplement, but the relative concentrations of other acids were unaffected by the two supplement treatments. The pH tended to be greater (P e .15) in cultures receiving the mixed microbial and yeast supplements than in the control cultures.
Live Yeast Supplements Compared to Inactivated Supplements. Results fiom the second study, which compared live yeast culture supplements to supplements that had been heated to kill yeast cells, are shown in Table 2 evaluated the effects of the live yeast culture supplement and the mixed microbial supplement on VFA concentrations and concentrations of specific bacteria in the rumens of steers fed the hay-based diet (Table 3) . No viable yeast cells were detected in ruminal fluid samples taken from the steers prior to the treatment period. After initiation of treatments, the concentrations of yeast in the m e n were similar in steers receiving the two microbial supplements, but both were greater than those observed in steers receiving no supplement (P < .lo). Increased yeast concentrations were accompanied by increased concentrations of cellulolytic bacteria in the rumens of steers fed the microbial supplements. The concentrations of lactobacilli were slightly greater (P = .06) in the rumens of steers receiving the live yeast culture supplement compared with the unsupplemented steers, but the lactic acid-producing bacteria in the mixed microbial supplement did not affect the concentrations of either lactobacilli or enterococci m the rumen. Neither supplement influenced the total concentrations of ruminal VFA, but the live yeast supplement increased the relative concentrations of valeric acid (P < .OS) and, consequently, the total isoacid concentrations (P < .05). Mean pH values were similar in the rumens of most steers but tended (P e .18) to be greater in steers receiving the unsupplemented diet.
Dlscussion
The concentrations of live yeast cells in the rumen have been reported to be low (<l,OOO cells/ml) but were dependent on the diet consumed by the animal (Lund, 1974) . However, the ruminal concentrations of yeast in dairy cattle fed a diet consisting of corn silage and alfalfa haylage plus concentrate and yeast supplements ranged from about 105 to 106 cells per milliliter (Harrison et al., 1988) . In our studies, no yeast cells were detected either in the ruminal fluid used for inoculation of continuous cultures or in ruminal contents of steers fed the hay-based diet before yeast supplementation. Yeast concentrations r e mained fairly constant in cultures receiving the yeast supplement and were consistently greater than those observed in the unsupplemented controls. There did not appear to be any extensive growth of yeast in these cultures. However, yeast concentrations in samples taken from cultures 14 h after supplementation approximated those expected immediately after supplementation. This suggests that small increases in yeast concentrations had occurred, which countered effects of dilution, cell death and lysis during the periods between supplementation. Similarly, yeast cells were observed consistently only in the rumens of steers receiving the yeast supplements. The mean concentrations of yeast in the rumens of steers were lower than those observed in the continuous cultures receiving similar diets. Although these data do not suggest any extensive growth of yeast in the rumen or continuous cultures, they suggest that metabolically active yeast cells are present that may contribute to the fermentation processes. The supplement containing both yeast and lactic acid bacteria increased the concentrations of lactobacilli in continuous c u l m s , but this mixed microbial supplement had no effect on concentrations of lactic acid bacteria in the rumens of steers. Because lactic acid bacteria in the supplement had a minimal impact on the composition of the microbial population in the rumen, they may not influence ruminal fermentations in steers fed this hay-based diet.
A number of investigators have examined the effects of yeast culture supplements on VFA and ammonia concentrations in the rumen. However, results of such studies have been extremely variable. Wiedmeier et al. (1987) and Arambel et al. (1987) reported that acetate to propionate ratios in the rumens of animals receiving a yeast culture supplement increased, whereas Harrison et al. (1988) and Martin et al. (1989) reported that acetate to propionate ratios decreased. In earlier studies by Adams et al. (1981) , yeast supplements did not influence the relative concentrations of VFA in the rumen. Neither the yeast culture supplement nor the mixed microbial supplement consistently altered the patterns of VFA produced in our continuous cultures or in the rumens of our steers. Differences in the observed effects of yeast supplements on VFA may be the result of differences in diets or dietary intake levels or may be related simply to variations in the supplements used in these different studies. .a, **P < .lo.
k e a u microbial concentrations in the rumens were determined on the 5th d of the treatment period (n = 4).
. w e a n acid collcentfations and pH values represent the samples taken on the lst, 5th and loth d of the treatment period (n = 12).
Similarly, yeast culture supplements have been reported to have different effects on ruminal pH. €€ani son et al. (1988) reported that pH in the rumens of animals receiving a yeast supplement decreased, whereas other investigators reported little or no effect of yeast supplementation on ruminal pH ( Adams et al., 1981; Wiedmeier et al., 1987) . The pH values in our continuous cultures tended to be greater when the cultures were provided with a yeast supplement. However, these differences often were not statistically significant and no pH effect was observed in ruminal contents from steers fed the yeast culture supplement. Slight increases in ruminal pH have been shown to favor the activities of cellulolytic bacteria (Stewart, 1977) . However, it is not clear whether these increases in pH could influence the concentration of cellulolytic bacteria in the rumen.
The most common feature associated with the use of live yeast culture as a feed supplement appears to be an increase in concentrations of cellulolytic organisms in the rumen. This effect was observed consistently both in rumen-simulating cultures and in the ruminal contents of cattle fed the highroughage diet. Other investigators have reported similar effects of yeast culture supplements on the concentrations of cellulolytic bacteria in the rumen Harrison et al., 1988) . These data suggest that the nunen-simulating cultures were a reliable technique for demonstrating the effects of the yeast culture supplement on cellulolytic microorganisms in the rumen because similar responses were observed in both the continuous culture and in the rumens of steers fed the yeast culture supplement.
The mechanisms by which live yeast supplements influence the concentrations of specific groups of ruminal bacteria is not understood However, the heat-inactivated supplement, provided on an equal weight basis, did not increase either the concentrations of total anaerobic bacteria or cellulolytic bacteria.
This suggests that live yeast cells or some heat-labile product in the yeast culture supplement is increasing the concentration of cellulolytic microorganisms in the rumen. Llterature Cited
